Introduction
The considerable difficulties in recruiting participants to randomized clinical trials (RCTs)-either in large enough numbers to meet sample size targets or sufficiently quickly to make the costs of trial conduct manageable [1] -have motivated efforts to better understand how people make decisions to participate in research. The hope is that by understanding decision-making processes, we may identify ways for investigators to design trials to improve recruitment efficiency [2] . To date, this promise has been largely unrealized, as a recent systematic review suggests marginal efficacy of most attempted interventions to improve recruitment efficiency [3] .
By contrast, such efforts have proven fruitful when research on patients' willingness to participate in trials in a given disease area has been followed up with tests of interventions deriving from those insights into the same disease area [4] . These seemingly divergent bodies of evidence can be reconciled by the hypothesis that the factors guiding patients' willingness to participate in RCTs may be disease specific, or at least shared only among diseases sharing several common defining characteristics. If so, then what is needed are efforts to clearly define the unique characteristics of the domain under study, to study willingness to participate within this domain, and to then apply insights gained to future trials in the same domain.
The current literature on patients' willingness to participate includes studies using quantitative [5] [6] [7] [8] [9] [10] [11] [12] [13] and qualitative [14] [15] [16] [17] [18] methods among several different types of respondents: patients eligible to participate in proposed RCTs [5] [6] [7] [8] 10, 12, 13, [18] [19] [20] , patients actually considering participation [9, 11, 16, [21] [22] [23] , and patients having already participated in trials [14, 17] . In addition to these areas of divergence, the characteristics of the disease areas studied have varied considerably, from prevalent illnesses such as congestive heart failure [9] in which multiple known effective therapies exist, to rare cancers for which no known effective therapies are available [23] . Some general themes have emerged, which guide many patients' decisions to enroll, including the time demands of the trials [6, 7, 14, 16, 18, 21, 24] , the risks of disease recurrence or progressions [7, 23] , and fears of being assigned placebo [6, 7, 10, 15, 18, 21] .
Largely absent from this literature have been studies exploring an increasingly common group of diseases that may be characterized by (1) low incidence and prevalence, (2) considerable associated morbidity and mortality, (3) early age of onset, (4) strong patient advocacy organizations, and (5) the existence of numerous available therapies that each carry substantive limitations in terms of their effectiveness, costs, or burdens to patients in ease of administration. Such diseases include cystic fibrosis, inflammatory bowel disease, multiple sclerosis, pulmonary arterial hypertension (PAH), and likely others. In each of these diseases, the considerable health consequences have driven the development of strong patient advocacy organizations and inspired researchers and pharmaceutical companies to identify new therapies.
However, the high morbidity has often precluded the trials of sufficiently long duration to determine these treatments' effects on clinical end points such as survival, and the disease incidence has limited power to detect differences in such outcomes. Thus, many treatments have been developed, but evidence is largely limited to impacts on surrogate end points. Because these treatments often carry secondary costs-either financial or in their difficulty of administration-the search for new and improved therapies continues unabated, perpetuating the need for further RCTs. Yet we are aware of only one study assessing motivations for research participation among patients with such illnesses, and this study among cystic fibrosis patients assessed motivations for research in general, rather than for RCTs specifically [25] .
We therefore designed the present study to understand willingness to participate within this domain of diseases, using PAH as a paradigmatic example. PAH is a rare, progressive illness characterized by increased pulmonary vascular resistance, right ventricular failure, and death [26] . The prevalence of PAH is 15 cases/million and the incidence is 2.4 cases/million per year [27] . Despite the rareness of the disease, the past 10 years have witnessed more than 20 placebo-controlled, RCTs of new drugs for PAH, leading to seven Food and Drug Administration (FDA)-approved pharmacotherapies for PAH on the basis of improvements in surrogate end points. For context, much research on willingness to participate in trials comes from more common diseases such as congestive heart failure, with prevalence estimates of 8-79 per 1000 per year, and incidence estimates of 1-28 per 1000 per year. The combination of disease epidemiology and RCT activity has resulted in most PAH patients having participated in RCTs, whereas only roughly 9.5% of congestive heart failure patients have [28, 29] .
Another distinction is that only one drug for PAH has ever been shown in an RCT (of only 81 patients) to improve survival [30] , and this drug-continuous intravenous epoprostenol-carries a significant burden for patients due to its requirements for daily mixing, continuous infusion through a permanent intravenous catheter, and a battery-operated pump [31] . Further RCTs of new PAH therapies are therefore needed, particularly of drugs that are less burdensome, and with designs that enable clearer detection of improvements, if present, in true patient-centered outcomes. Because a number of companies are invested in developing such therapies, PAH patients are in high demand for RCT participation, with many being recruited to numerous trials at once [32] . However, the low prevalence of the disease and difficulties encountered previously with enrolling PAH patients in RCTs [33] [34] [35] have combined to create such a premium on PAH participants that working groups have been convened to discuss which among several possible RCTs to prioritize [36] . Better understanding of why patients enroll, therefore, carries great potential to improve the value of future research in this and related areas [37, 38] .
Methods

Patients
We recruited patients from the Pulmonary Vascular Disease Program at the University of Pennsylvania from 15 July 2009 to 20 August 2009. Two investigators (R.C. and J.A.) screened the electronic records of all patients scheduled to visit any of the programs' physicians. Eligible patients had a diagnosis of World Health Organization (WHO) Group I pulmonary hypertension (PAH) with a current functional status equivalent to New York Heart Association Classes I-III [39] . Patients with Class IV symptoms were excluded as these patients are typically excluded from actual PAH RCTs [40] [41] [42] . This study was approved by the Institutional Review Board of the University of Pennsylvania and was assigned the project approval number 810120.
To ensure a diverse representation of views, we used purposeful recruitment in an effort to sample participants who differed in age, race, gender, socioeconomic status, prior RCT experience, and etiology of PAH. Such sampling is advocated in qualitative research to facilitate representation of all viewpoints and decision-making processes in the resulting conceptual framework [43] . We did not specify a number of patients to be interviewed in advance, but rather continued enrollment until theoretical saturation was reached, that is, until additional interviews yielded no new reasons for or against enrolling in PAH RCTs [44] .
Interviews
One of the two investigators (R.C. or J.A.) who were trained in the techniques of semistructured interviewing conducted interviews among patients who consented to participate. Interviews were audiotaped and transcribed verbatim by professional medical transcriptionists. The first four interviews were conducted by the two investigators jointly to promote similarity of approach in subsequent interviews.
Each interview began with a description of a hypothetical RCT testing a novel agent to treat PAH. We predicted that a variable of particular importance to patients would be whether or not trials allowed 'background therapies'-that is, whether patients could continue using previously prescribed endothelin receptor antagonists, phosphodiesterase inhibitors, or prostacyclin analogs during the study. Thus, we randomly assigned patients following consent to receive a description of one of two types of hypothetical RCTs: one in which patients would be removed from all specific PAH medications and one in which the new agent or placebo would be taken in addition to background therapies. Both hypothetical trials were modeled on recent real RCTs in PAH in terms of duration (16 weeks), clinic visits required (8), outcome measures (6-min walk distance, biomarkers, and echocardiographic parameters), double blinding, and other design elements.
After describing the assigned RCT, interviewers asked patients to share their thoughts regarding and reactions to participating in such a trial if it were real. Subsequent questions followed from participants' responses, with investigators pursuing themes as they arose and seeking clarification or elaboration when appropriate. Investigators also used standard prompt questions developed at the study's outset (Table 1) to encourage participants to more fully describe the factors that would encourage or discourage participation. Most interviews lasted 10-20 min, but were allowed to continue uninterrupted until patients could no longer identify additional influences on their enrollment decisions.
Qualitative data coding
Using the transcribed interviews, we employed thematic data analysis and constant comparison techniques to code and sort data into discrete themes that emerged from the interviews [45, 46] . Two investigators reviewed transcript text and assigned codes to emerging themes. Codes allowed for cataloging of key concepts while preserving the context in which they arose [47] . The constant comparative method entailed comparing new text segments with text already assigned to a code to decide whether the new segment reflected the same concept. This method allowed for refinement of existing codes while identifying new factors related to patients' willingness to participate in the RCTs. While one author (RC) was the primary coder of data elements, a subgroup of investigators (JA, DBT, SMK, and SDH) contributed to the iterative development, identification, and cataloging of themes as a means to increase intercoder reliability [48] . Coding accuracy was further assessed by allowing the same subgroup to review samples of transcripts and provide independent codings for comparison.
Results
Among 45 patients screened for enrollment, two were ineligible because they did not have Group I pulmonary hypertension and five missed their clinic appointments. Of the 38 eligible patients, 31 (82%) agreed to participate ( Figure 1 ). Theoretical saturation was reached after the 26th patient. The median age of these 26 participants was 56 years, 85% (22/26) were women, 65% (17/26) were non-Hispanic white, and 50% (13/26) had idiopathic PAH ( Table 2) . Table 3 lists patients' motivations for and concerns regarding participating in RCTs of novel PAH agents, and summarizes the frequencies with which patients in the two groups identified each. The themes that emerged are illustrated by the representative statements in the following.
Medical benefits
More than half of all patients interviewed expressed hope that participation in RCTs of novel therapies for PAH would result in personal benefit with improved health status. As one patient stated, 'If it is something that they think is going to help, I am willing to try … I am only 61 and I don't want to die anytime soon so I will try anything to help me'.
Four patients who were presented with the RCT prohibiting background therapies also mentioned the benefit of increased physician surveillance, including additional clinic visits, and the assumption that study-related procedures would provide physicians further opportunities to recognize deteriorations in their health. One patient reported, '[I] would be getting some regular blood work, chest x-rays, echocardiograms or whatever. That's another selling point because I'd be getting care'. The same patient also noted the potential financial benefits of what she perceived to be free care, saying, 'You're talking echocardiograms. Some insurance companies' co-pays are high'. 
Medical risks or harms
Of the patients interviewed, 65% (17/26) expressed concerns about the side effects of experimental drugs, and several noted that this was among the most important considerations guiding whether they would participate. One patient reported, 'One of my biggest concerns is the safety… I would want somebody to clearly communicate to me what they expect the medication side effects might be.
[T]he possible side effects from the medications, those are things that would pull me [into the study] or take me away from it'. All but one patient evaluating the RCT without background therapy were concerned about foregoing their usual treatments. Some of these patients specifically noted a greater willingness to enroll in a study that allowed receipt of current medications. One patient stated, 'You were going pretty good until you said I would have to stop taking my [endothelin receptor antagonist] and take the experimental drug, not knowing whether or not I had the placebo or the real thing. That is a matter of concern to me'. Another patient explained, 'Well, it's kind of my impression that pulmonary hypertension is a pretty serious illness but it is an illness that can be controlled. So that is what makes me concerned about not taking my medication is getting to a point where I can't go to work or walk up a hill or things like that'. Significantly, more patients who addressed the no-background-therapy trial expressed concerns about deteriorating clinically during the study than among those who addressed the RCT in which background therapies could be continued (79% (11/14) vs. 17% (2/12)).
Nonmedical benefits
In addition to the factors related to individual patients' own health that seemed to influence their willingness to enroll, multiple 'nonmedical' themes also emerged. For example, altruistic motives were identified by 54% (14/26) of patients. As one patient said, 'I want to do anything that will help research for this disease. I want to help people that are being diagnosed now and that are younger [than me]'. As another patient put it, 'Someone's got to step up!' Another commented, '[There's] a certain altruistic component to this, that it's not just for me, and realizing that PAH needs a lot of study. So the fact that you could be part of something important I think is a component that grabs people. You've been given this particular illness so it's the way to turn around and instead of say "oh poor me" it's "how can I use this to help?"' Although the scripts read to patients made no mention of compensation and/or reimbursement for research participation, roughly one quarter of patients identified financial considerations as relevant to their decisions. A college-aged patient stated, 'If there was compensation I would probably do it. Most definitely if you are going to cover my money to pay for my gas to get here. It can be a conservative amount but as long as I am getting back. Compensation would be a huge factor'. Other patients identified compensation as a relevant issue, but downplayed its importance. One remarked, '[Compensation] would help but if I would not be compensated that would not prevent me from doing it because I still feel that's my contribution to help and I would never sign on to something because you're giving me X number of dollars. That's not why I would be doing this'. Another patient commented, 'I personally would [enroll] if expenses were covered. Like, you shouldn't have to pay to park if you're coming in to do this kind of thing. But I would think you wouldn't want to pay them because then you would have people participating for the wrong reasons'.
Nonmedical burdens
Patients also identified several nonmedical factors such as time demands and other inconveniences that may dissuade enrollment. Of the 26 patients interviewed, 17 (65%) said that the time demands of the trials-eight visits during 16 weeks-may discourage their enrollment. Travel to and from study appointments on alternating weeks was described by several patients as 'difficult', 'inconvenient', 'a hassle', and 'a bit too much'. One patient offered, 'I might consider doing it depending on the leniency of when I could come in or what hours can I come into the office. I would be more drawn to a study that brought me in fewer times out of the week'. Although most patients placed priority on the convenience of trial participation, patients differed in how burdensome they viewed the same trials. As one patient commented, 'What you described would be doable. But if … I would be missing work then that would be an issue'. Some patients specified limits regarding how far they would travel to participate in such a study. One patient commented, 'There would be a limit. I would say probably not more than 20 minutes or so'. Another stated, 'If I thought a study was valuable, I would probably go up to an hour'.
Discussion
To our knowledge, this is the first study to examine the motivations for and concerns regarding participation in RCTs of novel therapies among patients with a disease that is relatively rare, commonly fatal, and characterized by early age of onset, strong patient advocacy communities, and multiple available therapies that have uncertain effectiveness and unfavorable cost or administration characteristics. Investigators conducting research in diseases fitting these descriptions, including PAH, cystic fibrosis, inflammatory bowel disease, and multiple sclerosis, also face tensions between being unable to conduct active-controlled trials due to the larger sample sizes required and the difficulties of running placebocontrolled trials due to views that withholding available therapies carries greater than minimal risks [49] .
By contrast, most studies of willingness to participate in RCTs have addressed patients with common illnesses with multiple inexpensive therapies, such as diabetes, heart failure, or systemic hypertension [6, 9, 14] . These diseases are each characterized by more indolent progression, greater affordability and clearer efficacy of treatments, and greater prevalence, enriching the pool of eligible RCT participants and thereby making active-controlled trials more feasible. The present study, therefore, complements and extends this literature by examining how patients with previously unstudied disease types choose to participate in clinical trials.
Our central finding is that many of the same motives and concerns found among patients with more common illnesses also pervade the thoughts of patients with these rarer, more life-threatening illnesses. However, the relative importance of these factors may differ.
Specifically, we found that while PAH patients recognize the need for more research, many are concerned about the potential deterioration of their health if they were to enroll in RCTs. This fear was particularly common among patients asked to consider enrollment in trials that precluded ongoing use of current PAH therapies. By contrast, many of these same patients were comforted by the perceived increase in disease surveillance they would receive while in the study. Similar to findings from a quantitative study in essential hypertension [6] , this qualitative study in PAH suggests that patients would prefer to enroll in add-on drug trials, but might consider placebo-controlled trials without background therapies if emphasis was placed on frequent monitoring of their health.
Unfortunately, the procedures required to instill this sense of comfort may carry drawbacks, as many patients are concerned with the time demands of trials. Patients were concerned particularly about the frequency of required clinic visits, the duration of the study, and the amount of time they spend traveling to and from clinic visits. The observation that some patients (15% (4/26)) prefer more visits due to the potential for closer health surveillance contrasts with the desires of a majority (65% (17/26)) of patients to limit the number of clinic visits during the study so as to minimize the time demands. It may be difficult to meet the needs of both groups of patients. Nonetheless, knowledge that this tension exists may help investigators design studies to include a minimal number of visits that is unlikely to be perceived as overly burdensome, while also offering optional visits for those who desire closer supervision. However, such designs would require prospective plans to account for surveillance and other biases that may ensue if patients in different groups have different follow-up schedules. Alternatively, the option of home visits instead of clinic visits could also enhance the appeal of RCTs for patients, though studies offering home visits may be time and resource intensive.
We also found that a majority of patients with PAH viewed RCTs as ways to improve their own health. Indeed, for many, the perceived potential for personal benefit-through increased surveillance or exposure to a potentially superior drug-was a prominent influence on patients' expressed willingness to enroll. This well-described phenomenon, termed the therapeutic misconception (i.e. research participants misconceive research as therapy) [50] raises several concerns about the extent to which patients understand the distinctions between research and clinical care. Thus, physicians-particularly those who simultaneously serve as clinicians and investigators in PAH trials-should work to ensure that their patients understand these distinctions prior to enrolling in RCTs [51] . It has been suggested that offering financial compensation for research participation could help combat the therapeutic misconception because patients are not ordinarily paid for transportation costs or undergoing tests as parts of their health care [52] . Though plausible, we are not aware of evidence to support or refute this suggestion.
Finally, we found that 54% (14/26) of interviewed PAH patients cited altruistic motives for research participation. PAH and the aforementioned similar diseases are characterized by prominent patient advocacy communities whose abilities to unite patients with less common diseases have only grown with the Internet and chat rooms. We had hypothesized that within these diseases, patients would have been further motivated to participate in research for altruistic reasons. However, as in studies in other disease areas [6] , we instead found that personal motives often figure more prominently than do altruistic ones.
This study has limitations. First, the recruitment of patients from a single academic program in the United States could limit the generalizability of the results. Second, most patients in our sample were women. However, PAH more commonly afflicts women [39] , suggesting that our findings may generalize to the PAH population at large. Third, this study involved treated patients, so the results may not extend to newly diagnosed patients who have yet to begin therapy. Fourth, the percentages of patients citing different factors (Table 3) should not be interpreted as reflecting population-level proportions, but rather serve only to help readers understand the relative frequencies with which factors were cited among our sample. Although our strategy of purposive sampling of patients was appropriate for our goal of establishing a conceptual framework for why patients with PAH or other rare devastating diseases enroll in trials, this strategy precludes the ability to estimate population-level proportions.
Fifth, the use of hypothetical trials, though common in studies of willingness to participate, may not elicit identical decision-making processes as would be found if patients were contemplating actual trial participation. Thus, future research should aim to quantify the impacts of various features of RCT design on the actual enrollment decisions patients with PAH make.
Finally, we intentionally assigned approximately half of patients to respond to placebo-controlled trials that prohibited concomitant use of other PAHspecific therapies to add evidence to an ongoing debate about the appropriateness of this trial design in the modern treatment era [49, 51, 53] . In the time since we designed this study, the proportion of new RCTs in PAH that include such restrictions on background therapy seems to have declined. The heightened concerns our patients expressed regarding the risks of such trials suggest that such changes may enhance the enrollment.
In summary, this study suggests that several elements of a trial-including the duration and frequency of required clinic visits, restrictions on concomitant drug use, the views of physicians requesting enrollment, and perhaps the use of financial incentives or remuneration for studyrelated expenses-may influence PAH patients' enrollment in RCTs. Future research is needed to explore the extent to which modifying these factors may augment participation in actual RCTs, to identify interventions to mitigate the prevalent misconceptions of research as care, and to confirm hypotheses that the research participation decisionmaking processes among patients with PAH may resemble those made by patients with other similar diseases.
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